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Introduction 45
Similar to monkeys, human neuroimaging studies of visually-guided grasping demonstrate 70 consistent activation in rIPL extending into the anterior part of the intraparietal sulcus (aIPS) 71 (Binkofski et al. 1998; Culham et al. 2003; Frey et al. 2005) . Likewise, transcranial magnetic 72 stimulation (TMS) over this region can disrupt sensorimotor control of grasp ; Rice 73 et al. 2006; Tunik et al. 2005) . Increased activity in premotor cortex has also been reported during 74 some studies of grasp execution (Binkofski et al. 1999; Ehrsson et al. 2000; Ehrsson et al. 2001 ; 75 Grafton et al. 1996) . 76
In contrast to our understanding of the sensorimotor control of grasp, comparatively little is known 77 about the neural mechanisms involved in selecting actions on the basis of anticipated task demands. 78
Parietal and premotor regions show increased activity when participants prospectively decide 79 whether it would be more comfortable to grasp a handle, appearing in various orientations, in an 80 over-or under-hand grip despite the complete absence of overt hand movements (Johnson et al. 81 2002) . More recently, volunteers were trained to grasp objects in many orientations with the hands 82 or a novel mechanical tool. Subsequent fMRI testing revealed increased activity within and along 83 the IPS (including aIPS and caudal IPS (cIPS)), left vPMC and dPMC during prospective grip 84 selection (Jacobs et al. 2010) . Behavioral data provided strong evidence that these decisions were 85 based on accurate, effector-specific, internal representations. Interestingly, increases in neural 86 activity were the same regardless of the side (left or right) or effector (hand or tool) on which grip 87 selection decisions were based. These findings suggest that at least some of the parietal and 88 premotor regions involved in the on-line control of grasping also participate in forming effector-89 specific representations of grasping actions that are sensitive to anticipated task demands. Whether, 90 like cells in monkey rIPL and AIP, responses in one or more of these areas might be influenced by 91 anticipation of the demands of a movement subsequent to grasping the object is unknown. 92
Presently, we investigated this issue through use of a task in which participants were required to 93 choose whether an under-or over-hand power grip would be most natural to grasp a visually-94 presented handle while undergoing whole-brain, blood oxygen-level dependent (BOLD) functional magnetic resonance imaging (fMRI). No overt movements were performed in this prospective 96 planning task, and grip preferences were instead expressed through button presses using the feet. 97
Critically, we varied the intended goal of the movement. In the NO ROTATION condition 98 participants were required to simply select what would be the most natural grip for engaging the 99 handle, while in the ROTATION condition the task involved choosing the grip that they would 100 prefer in order to rotate the handle to a cued orientation once in hand. On the basis of past research, 101
we expected that in the NO ROTATION condition participants would prefer the less awkward 102 overhand grip with either hand (Johnson 2000) . However, in the ROTATION condition they would 103 select the grip that would allow them to complete the handle rotation in a comfortable posture 104 within the middle of their range of forearm supination-pronation. This end-state comfort effect is 105 well-established in overt motor performance , and is evidence of 106 context-sensitivity in action selection. 107
In accordance with neurophysiological evidence from monkeys indicating context sensitivity, we 108 predicted that the lateral convexity of the rIPL ) and aIPS (Baumann et al. 2009 ) 109 would show increased activity when participants performed the ROTATION vs. NO ROTATION 110 condition of the prospective grip selection (PGS) task during BOLD fMRI. As reviewed earlier, 111 human left vPMC and bilateral dPMC and cIPS are also implicated in the prospective selection of 112 grasp (Jacobs et al. 2010 ). To the extent that representations in these areas are sensitive to 113 anticipated task demands that extend beyond prehension of the target handle, they should also show 114 greater activity during the ROTATION vs. NO ROTATION condition. 115
To our knowledge, the end-state comfort effect has not been investigated in a prospective planning 116 task. We therefore undertook a preliminary behavioral experiment in order to establish the effects 117 of anticipated handle rotation on overt grip selection (OGS) using a design similar to that of the 118 main neuroimaging study (Experiment 2). These results would then serve as a standard against 119 which the accuracy of prospectively selected grip preferences expressed during fMRI testing could 120 be compared. 121
Context-specificity of grasp representations 6 Experiment 1: Overt Grip Selection Task 122
Participants were asked to grasp a handle using either an over-or under-hand power grip under two 123 instructional conditions. The hand used varied from trial-to-trial. In the NO ROTATION control 124 condition, participants simply used the cued hand to grasp a horizontally oriented handle. In the 125 ROTATION condition, they were instructed to grasp the handle and rotate it 90 0 , placing the cued 126 end of the handle downward. We expected that subjects would show a strong preference for the 127 overhand grip in the NO ROTATION condition. In the ROTATION condition, we expected that 128 participants would show an increased preference for underhand grips when the medial end (pointing 129 rightward on left hand trials and leftward on right hand trials) of the handle was cued. This 130 increased preference for the underhand grip would be considered evidence for context sensitivity of 131 grip selection. 132
Methods 133
In accordance with the Declaration of Helsinki, 13 healthy participants (8 females) (M = 26, SD = 134 3.8 years) gave informed consent to undertake the study. All participants were consistently right-135 handed according to the Edinburgh Handedness Inventory (Oldfield, 1971) and had normal or 136 corrected-to-normal vision. None had a history of neurological or psychiatric illness. 137
Apparatus. Both Experiments 1 and 2 were controlled with a laptop computer running Presentation 138 software (Neurobehavioral Systems Inc., http://nbs.neuro-bs.com/). A wooden rack was positioned 139 within reach of the participant, and the distance was adjusted to accommodate each participant's 140 arm length. The rack was centered along the participant's mid-saggital line. A 2" diameter wooden 141 handle (10" length) was suspended horizontally on the rack, with the square end pointing toward 142 the left or right depending on the trial. A wooden 2" x 2" x .5" square was attached to one end of 143 the handle, and a 2" diameter x .5" thick circle was centered on the opposite end. Lying horizontal 144 on the tabletop, directly in front of the rack, was a 20" flat LCD computer monitor fitted with a 145 clear Lexan cover. 146
Context-specificity of grasp representations 7 Procedure. Every participant performed 144 trials divided into 3 blocks. Each block consisted of 4 147 repetitions of the 12 different trial types presented in pseudo-random order: 2 hand cues (left, right) 148
x 2 dowel orientations (square end pointing toward the left or right) x 3 target shapes (square, circle 149 or triangle). Figure 1A illustrates the graphical stimuli used in Experiment 2. These are similar to 150 actual handles and targets used here in Experiment 1, with the exception that the current handles 151 were unpainted. 152
Participants sat on a chair with their forearms resting on the tabletop and their left and right index 153 fingers depressing left and right response buttons, respectively. They wore a pair of liquid crystal 154 goggles (Translucent Technologies, Toronto). At the beginning of a run, the participant viewed a 155 left-or right-ward arrow that served to indicate which hand would be used on the subsequent trial. 156
The goggles then became opaque, preventing vision of the display. The experimenter placed the 157 handle on the rack with the square pointing to the left or right, according to the trial list and 158 depressed a key on the keyboard. The goggles became transparent after a variable 3-5s interval and 159 a target (square, circle or triangle) appeared on the monitor below the rack. If the target object was 160 a square or circle, then the participant was to release the response button and use the cued hand to 161 grasp the handle in a power grip, remove it from the rack, and rotate it 90 0 in order to place the 162 square or circular end (depending on the target's shape) on the Lexan surface (ROTATION 163 condition). They were not required to align the end of the handle with the target. If the target was a 164 triangle, then they were instructed to use the cued hand to grasp the handle in a power grip and 165 place it lengthwise on the surface (NO ROTATION condition). Participants were told to use the 166 most natural grip (over-or under-hand) in both conditions, and to initiate their movements as soon 167 as possible after the goggles became transparent. Response times were measured from the onset of 168 vision until the response button was released. After each trial was completed, participants returned 169 their hand to the response button. This triggered the appearance of the 500ms hand cue for the next 170 trial, after which the goggles again became opaque and the process was repeated. The entirety of 171 each run was videotaped and grip preferences were coded off-line.
Data Analysis. As illustrated in Figure 1C , in order to enable direct comparisons of grip 173 preferences between hands, handle orientation on ROTATION trials was recoded. Medial trials 174
were those in which the cued end of the handle (square or circular depending on the target shape) 175 was pointing toward the participant's midline. On lateral trials, the cued end was pointing away 176 from the midline. The mean probability of selecting the overhand grip for each condition was then 177 calculated separately for every participant and submitted to 2 (hand: left, right) x 3 (cue type: 178 lateral, medial, control) repeated measures ANOVA. A significance level of p < .05 was used for 179 all statistical tests. 180
Insert Figure 1 about here 182
Trials with response times (RT) ± 2 SDs from the mean were defined as outliers and removed. 184
Excluded trials constituted 4% of the total number. 185 186
Results & Discussion 187
As expected, differences in grip preferences between hands were non-significant (F < 1.0). There 188 was a main effect of the target (medial, lateral, control) (F(1,11) = 28.08, MSe = 773.314, p < 189 0.001). As illustrated in Figure 2A , participants showed a strong preference for the overhand grip 190 when the lateral end of the handle matched the target, M =97.8%, SD = 10.3. This response pattern 191 did not differ significantly from that of the control condition (M = 99.31%, SD = 9.64), t(11) < 1.0. 192
As expected, subjects were less likely to select the overhand grip in the ROTATION condition 193 when the medial end of the handle was cued (M = 41.91%, SD = 24.21) as compared with either the 194 lateral end (t(11) = 5.614, p < 0.001) or control condition, t(11) = 5.611, p < 0.001 (Figure 2A) . 195
Adopting an overhand grip in the lateral cue condition and an underhand grip in the medial cue 197 condition allowed participants to complete handle rotations in a comfortable posture in the middle 198 of their range of hand pronation-supination. The fact that the current grip preferences exhibited this 199 pattern is further evidence that grip selection involves anticipation of forthcoming task demands 200 . Because participants continued to prefer an overhand grip in the 201 lateral cue condition, this result cannot be attributed to merely choosing overhand in the NO 202 ROTATION condition and underhand in the ROTATION condition. 203
Experiment 2: fMRI Prospective Grip Selection Task 207
As expected on the basis of previous findings (Rosenbaum and Jorgensen 1992; Rosenbaum et al. 208 1992), participants in Experiment 1 adapted their grip preferences to the anticipated demands of a 209 forthcoming handle rotation. Experiment 2 asked whether this end-state comfort effect would also 210 be exhibited when participants were asked to decide how they would grasp the handle in both 211 ROTATION and NO ROTATION conditions while remaining still; i.e., in a purely prospective grip 212 selection (PGS) task that lacks overt movement and associated sensory feedback (Johnson 2000) . If 213 so, then participants should again show an increased preference for underhand grips in the 214 ROTATION condition when the medial, but not the lateral, end of the handle is cued. To the extent 215 that this is the case, we reasoned that fMRI data acquired during performance of this PGS task 216 could be used to identify regions showing context sensitivity during the planning of reach-to-grasp 217 movements. Stimuli consisted of two graphically rendered handles, each with a square end and a round end 237 ( Figure 1A) . For one handle, the half with the square end was colored pink, and the other tan. The 238 second handle had these colors reversed. Each handle appeared in two orientations, one with the 239 square end on the left and the other with the square end on the right. The handles were realistically 240 shaded to give the appearance of three-dimensionality. As detailed below, on a given trial one of 241 these four handle permutations (2 handles x 2 orientations) was paired with one of three different 242 target objects, a circle, square or triangle. Within each run these 40 trials (16 ROTATION, 16 NO ROTATION and 8 null) were presented in 270 pseudo-random order, subject to the constraint that no more than 3 trials of any single type could 271 occur sequentially. 272
The PGS task was similar to Experiment 1 except that no overt hand movements were involved. 273
Instead, in both the NO ROTATION and ROTATION conditions, participants were instructed to 274 identify whether they would prefer to place the thumb side of their cued hand on the pink or tan 275 side of the handle if grasping it in a power grip. This enabled us to code whether they preferred an 276 over-or under-hand grip for each trial. In the ROTATION condition, the shape of the target 277 matched one end of the dowel (square or circular target). The task was to select the grip that would 278 be preferred if intending to rotate the handle downward with the indicated hand, placing the cued 279 end on the target. Again, they were not asked to consider aligning the cued end and target shape. 280
On NO-ROTATION trials (triangular target) the task was to select the grip that would be preferred 281 if intending simply to grasp the handle with the cued hand and put it down lengthwise. Target 282 objects appeared centrally below each stimulus dowel ( Figure 1A) . Again, half of the total number 283 of trials consisted of the NO ROTATION control condition, while the remainder was equally split 284 between lateral and medial ROTATION trials. 285
Before the start of the scanning session, participants practiced the PGS task both outside the 286 scanner and inside an MRI simulator scanner (80 trials in each session). During both mock and 287 actual fMRI testing, participants were lying supine in the scanner with their arms extended at their 288 sides with the palms oriented vertically. They were unable to see their hands. Stimuli were 289 projected onto a screen at the back of the scanner and viewed in an angled mirror attached to the 290 head-coil. 291
Behavioral Data Analyses. As described for Experiment 1, handle orientation for the ROTATION 292 trials were recoded into medial and lateral in order to enable direct comparisons between hands 293 ( Figure 1C) . In addition, pink and tan responses on all trials were recoded into over-or under-294 hand. The mean probability of selecting the overhand grip for each condition was then calculated 295 separately for every participant and submitted to 2 (hand: left, right) x 3 (cue type: lateral, medial, 296 control) repeated measures ANOVA. Response times were not analyzed because they included not 297 only the time to select a grip, but also the variable delay and response cue intervals. 298
MRI data acquisition 299
Functional images were acquired on a Siemens Allegra 3T MRI system (Siemens, Erlangen, 300
Germany) equipped with echo planar imaging (EPI) capabilities, using a standard birdcage coil for 301 radio frequency transmission and signal reception. Blood oxygenation level-dependent sensitive Each fMRI run for a given subject was modeled separately at the first level. For each run, we 322 created a model with 4 explanatory variables (EVs) and their temporal derivatives to encode the conditions under which grip selection decisions were performed in our 2 (hand: left, right) x 2 324 (goal: NO ROTATION, ROTATION) factorial design. These EVs were time-locked to the onset 325 of the handles and target objects (phase #3 above) and included the subsequent 3000ms (2500ms 326 stimulus duration plus the shortest delay interval of 500ms, Figure 1B) . A fifth EV coded the 10s 327 null trials that were used as resting baseline. Orthogonal contrasts were used to test for differences 328 between each of the four experimental conditions and resting baseline. repeated-measures ANOVA was carried out only on those voxels from the initial whole brain 338 analysis that showed evidence of being modulated by the task at the group level; i.e., significant 339 increases in activity within at least one of the four experimental conditions relative to rest (Z > 2.3, 340 corrected cluster significance threshold of p = 0.05). 341 (Table 1) . For every participant, mean percent signal change (PSC) relative to the resting baseline 348 was calculated separately within every ROI for each condition. Mean PSC was computed for each individual and condition by taking the ratio of the COPEs (experimental condition > rest) and mean 350 voxel-intensity, and scaling by the peak height of a regressor formed by convolving an isolated 351 three second event with the double gamma hemodynamic response function (Mumford 2007 
Results & Discussion 356
Behavioral Data on Prospective Grip Selection. Similar to results of the overt grip selection task in 357 Experiment 1, no difference was detected between hands (F<1.0), and data was therefore pooled 358 across this variable (Figure 2b) . As expected if prospectively selected grip preferences are context 359 sensitive, there was again a significant main effect of target (medial, lateral, control), F(1,14) = 360 43.687, MSe = 695.945, p < 0.001. As in Experiment 1, participants showed a strong preference 361 for overhand grips when the lateral end of the handle was cued (M = 82.3%, SD = 10.54) that did 362 not differ from that of the control condition (M = 84.3%, SD =11.32), t(14) = 1.409, p = .181. 363
Importantly, in the medial cue condition (M = 28.08%, SD = 26.60) they again displayed a 364 significantly lower preference for overhand grips compared to either the lateral cue condition [t(14) 365 = 6.65, p < .001] or the NO ROTATION control [t(14) = 6.85, p < .001]. This suggests that despite 366 the absence of overt movements and associated sensory feedback, prospectively chosen grips 367 involved accurately anticipating the demands associated with the intended handle rotations.. 368
Direct comparisons between the overt (Experiment 1) and prospective (Experiment 2) grip selection 369 tasks failed to detect a significant difference in grip preferences between tasks, F < 1.0 (cf. Figure  370   2, panel A & B) . Likewise, the variable Task did not interact with the hand involved (F < 1.0). 371
Post-hoc, paired comparisons also failed to reveal any significant differences between specific 372 conditions of the PGS and OGS tasks, p > .20 in all cases. This suggests that despite 373 the absence of overt movements and associated sensory feedback, prospectively chosen grips 374 involved accurately anticipating the demands associated with the intended handle rotations. As with OGS, grips were chosen that would allow participants to complete the required actions 376 in a comfortable posture, i.e., they demonstrated the end-state comfort effect (Rosenbaum and 377 Jorgensen 1992; ). Results of fMRI testing provide insights into the neural 378 mechanisms involved in this prospective planning. 379
Neural Activity Associated with Prospective Grip Selection. In order to identify brain regions 380 whose activity was modulated by the PGS task, each of the 4 experimental conditions (2 (hand: 381 left, right) x 2 (goal: no rotation, rotation)) were separately contrasted against resting baseline. 
Next, a 2 (hand: left, right) x 2 (goal: no rotation, rotation) repeated measures ANOVA was 393 performed across all voxels that showed significantly increased activity relative to resting baseline 394 in at least one of the four experimental conditions. No areas showed a significant main effect of the 395 hand involved. However, numerous areas did manifest a main effect of goal, and planned contrasts 396 revealed that this resulted from greater increases in activity for the ROTATION vs. NO 397 (Figure 4) . These effects were bilateral, but more extensive in the left cerebral hemisphere. 400
In addition, a number of other regions involved in grasp representation also showed this goal effect, including: left vPMC, dorsal premotor cortex (dPMC) and caudal IPS. This later increase extended 402 along the parieto-occipital sulcus (POS) and into the SPL, and might include putative V6A (Culham 403 and Valyear 2006) . Similar increases were also observed in left pMTG and in pre-SMA. Possible 404 reasons for the involvement of these regions will be considered in the general discussion section 405 below. 406
Insert Figure 4 about here 408
Descriptive ROI analysis. Regions of interest (ROIs) were defined post-hoc for those areas 410 previously implicated in sensorimotor control of grasp that showed an advantage for the 411 showed significantly greater activity than resting baseline in each ROI, p < .0001 in all cases (inset 414 panels, Figure 4) . Right aIPS (t(14) = 2.97, p = 0.01) and right dPMC (t(14) = 6.53, p = 0.001) 415
both showed significantly greater activity when planning involved the contralateral (left) vs. the 416 ipsilateral (right) hand. (Figure 4) . 417
General Discussion 418
As introduced earlier, the ways that we grasp objects are influenced by the movements that we 419 intend to perform once they are in hand, i.e., the ultimate goals of the action. While much is 420 currently known about the neural mechanisms involved in online sensorimotor control of grasping, 421 little is understood about the neural mechanisms responsible for the context-sensitivity of this 422 fundamental behavior. The current work yielded two main insights. We found that even in the 423 complete absence of movement and associated sensory feedback, prospectively selected grips 424 (Experiment 2) were highly consistent with those expressed during a similar task involving overt 425 movements (Experiment 1). Importantly, grip preferences in both circumstances showed clear evidence of being influenced similarly by the anticipated demands of a forthcoming handle rotation. 427
In the ROTATION condition, they chose grips that would have allowed them to complete the 428 required action in a comfortable posture in the middle of their range of motion. To our knowledge, 429 this is the first demonstration of an end-state comfort effect in an action selection task that involves 430 only planning and no movement. The presence of this "end state comfort effect" in the PGS task is 431 consistent with the hypothesis that context sensitivity, as manifest in the selection of the 432 macroscopic aspects of grasp (e.g., under-vs. over-hand), can arise in a purely feed forward manner 433 (Frey 2010). Critically, these behavioral results allowed us to pursue the primary objective of this 434 work, to evaluate the presence of context-sensitive grasp representations in the rIPL. 435
As predicted based on evidence from single unit recordings in macaques (Baumann et al. 2009; 436 Fogassi et al. 2005) , we detected greater increases in rIPL/aIPS during the ROTATION vs. NO 437 ROTATION condition of the PGS task. This suggests that these regions participate in the 438 formation of context-sensitive representations of grasp in the human brain. We now consider these 439 neurophysiological findings, as well as evidence for context-sensitivity of grasp representations in 440 other brain regions, in greater detail. further show sensitivity to the context in which these movements are performed. That is, activity 446 within these regions of the IPL is modulated according to the actions that the animal is instructed to 447 perform once the object is in hand. We find that human aIPS and rIPL both show increased activity 448 during prospective grip selection relative to resting baseline. Importantly, these increases were 449 significantly greater in the ROTATION vs. NO ROTATION condition (Figure 4) . This suggests 450 that these areas of the human brain participate in context-sensitive representations of grasp.
An earlier investigation provided evidence that transcranial magnetic stimulation (TMS) delivered 452 soon after movement initiation over aIPS interferes with the ability to update motor programs on 453 the basis of sensory feedback (Tunik et al. 2005) . Subsequent results suggest that these effects are 454 related to the execution, rather than the planning, phase of the grasping movement (Rice et al. 455 2006) . However, there is also evidence that aIPS codes the goals, rather than movements, of 456 observed grasping actions (Hamilton and Grafton 2006) , and a recent investigation of prospective 457 grip selection involving the hands or a recently mastered tool found that aIPS participates in grasp 458 planning even in the complete absence of movements (Jacobs et al. 2010 ). The present study 459 extends these observations by showing further increases in aIPS (and rIPL) activity when grip 460 selection decisions involve representing the demands of a subsequent object rotation. This finding 461 is consistent with the hypothesis that the aIPS (and we would add the rIPL) participates in 462 representing actions' intended goals ). Further, we provide evidence that context 463 sensitivity is not peculiar to aIPS/rIPL, but is also found in a number of other regions known to be 464 involved in sensorimotor control of grasp. and could be taken as evidence for a putatively homologous circuit for goal representation in the 476 human brain that is strongly left-lateralized (further discussion follows). Likewise, our whole-brain Despite a high degree of similarity between stimulus displays, an unexpected increase in left pMTG 504 was also found for the ROTATION vs. NO ROTATION comparison. This area has been shown to 505 increase activity during tasks that involve identification of familiar tools (Chao et al. 1999; Martin 506 et al. 1996) and shows a particular sensitivity to the motions of tools and utensils (Beauchamp et al. 507 2002 ). Yet, the present task involved neither familiar tools nor moving stimuli. Because both 508 ROTATION and NO ROTATION conditions involved identical objects, this difference also cannot 509 be attributed to the coding of objects' structural properties, as has been reported in adjacent lateral 510 occipital complex (Kroliczak et al. 2008) . Alternatively, left pMTG might be activated during the 511 internal simulation of grasping movements. As introduced below, prospective grip selection may 512 involve use of feed-forward processes to predict the sensory consequences associated with each 513 grip option. Perhaps increased activity in pMTG reflects the processing of predicted visual sensory 514 feedback that would accompany grasping movements. By this account, the greater response in the 515 ROTATION condition would reflect more complex movements than in the NO ROTATION 516
condition. 517
Areas involved in grip selection but not affected by context. Compared to rest, all experimental 518 conditions were associated with increased activity along the left MFG, and the ROTATION 519 condition for the left hand also involved increases in the right hemisphere (Figure 3) . Increases in 520 left rostral MFG were also detected in all conditions of an earlier study of prospective grip selection 521 (Jacobs et al. 2010) . In contrast to all other regions, however, MFG did not show evidence of 522 context sensitivity, i.e. responses did not differ significantly between the ROTATION vs. NO 523 ROTATION conditions. This suggests that MFG is involved in a processing component that is 524 common to all grip selection conditions, yet unaffected by the additional demands of planning for 525 handle manipulation. Based on previous findings (Schluter et al. 2001 ), a likely candidate is the 526 choice between the two grip options after the costs associated with each option have been 527 computed.
The lateral cerebellum also showed bilateral increases in activity for all conditions here, and in our 529 previous investigations of prospective grip selection (Jacobs et al. 2010; Johnson et al. 2002) . 530
However, responses were unaffected by the goal manipulation (Figure 4) . There is a considerable 531 body of evidence suggesting that the cerebellum may support internal models that predict the 532 sensory consequences of movements based on a copy the motor command (see reviews by 533 suggests that other areas may be involved in representing the sensory consequences of these 540 predictions (Figure 4) . More precisely, it may be that the parietal and premotor regions that do 541
show context sensitivity are involved in maintaining and updating representations of how the state 542 of the limbs would be impacted by these predictions arising from internal models supported in the 543
cerebellum. 544
Left cerebral asymmetries in vPMC. Previous work revealed a strong left cerebral asymmetry in 545 vPMC during prospective grip selection regardless of the limb (left or right) or effector (hand or 546 novel tool) on which these judgments were based (Jacobs et al. 2010 ). We replicated this result, 547 and also showed that grasp-related responses within left vPMC are sensitive to the task context 548 (Figure 4) . The significance of this cerebral asymmetry in prospective grasp planning is unclear. 549
Together, these findings point to the fact that the laterality within the sensorimotor system extends 550 to motor-cognitive planning functions (Willems et al. 2009 ). This is consistent with previous 551 findings on the specialized role for the left hemisphere in motor selection and attention processes in Hand-Independent Responses. It is important to stress that although participants' behavioral 555 responses show strong evidence of taking into account the unique constraints of the two hands (i.e., 556 hand-dependence), our analyses focusing on areas involved in prospective grip selection failed to 557 detect any regions showing hand-dependent neural activity. The only indications of effector-558 specificity came from post-hoc ROI analyses showing an advantage for the contralateral hand in 559 right aIPS and right dPMC. The failure to detect evidence of effector-specificity in statistical 560 parametric maps is consistent with earlier results (Jacobs et al. 2010) . It is tempting to interpret this 561 as evidence for limb-independent levels of motor representation. However, as stated earlier, our 562 behavioral data clearly show that prospective grip selection decisions were based on internal 563
representations that took into account the biomechanical constraints specific to each upper limb. 564
Taken together with the behavioral findings, these results thus demonstrate that common patterns of 565 neural activity across different effectors are a necessary, but not sufficient, source of evidence for 566 effector-independent levels of action representation. It is known that both effector-specific and 567 effector-nonspecific responses can be found in both parietal (Hyvarinen 1982 ) and premotor 568 Limitations of the current work. One limitation of the current project is that during fMRI, 570 participants were required to plan, but not to execute, grasping actions. Whether activity would be 571 the same during the premovement planning phase of an actual grasping end-state task remains to be 572 shown. However, there is evidence indicating that in similar grip selection tasks, macroscopic 573 aspects of grasp (e.g., hand orientation) are chosen prior to movement onset (Stelmach et al. 1994 ). 574
The prospective task might involve processes, such as visual or kinesthetic/motor imagery, that may 575 not be engaged when planning forthcoming movements (Walsh and Rosenbaum 2009 ). While we 576 cannot rule out these possibilities, we did not detect any increases in visual areas of the brain that 577 were greater in the ROTATION vs. NO ROTATION condition, as would be expected if these 578 conditions differed in their demands on visualization. Engagement of the pre-SMA is consistent 579 with involvement of kinesthetic/motor imagery (Gerardin et al. 2000; Stephan et al. 1995) . It is also possible that the ROTATION condition was more demanding of spatial attention than the NO 581 ROTATION Control. Attentional demands might account for some of the increased activity in the 582 posterior parietal and even frontal cortex during the ROTATION condition (Shulman et al. 2002) . 583
However, attentional processing alone cannot account for the effector-and goal-specific behaviors 584 exhibited in this study. Finally, it is tempting to interpret these results in terms of evidence for 585 functional homologies between monkey rIPS/AIP and human rIPL/aIPS. However, care must be 586 exercised when drawing such conclusions, especially in light of evidence for differences between 587 species in some IPS functions (Orban et al. 2004) . 588
In conclusion, we present evidence that the human rIPL/aIPS is involved in forming context-589 sensitive grasp representations. Despite the complete absence of overt movements, this region 590
shows increased activity when selecting how best to grasp a handle for subsequent rotation. These 591 findings complement earlier observations of context-sensitive units in the macaque rIPL and AIP. 592
Further, we find evidence for context-sensitivity in a number of other regions that have previously 593 been implicated in sensorimotor control of grasping and/or action planning, including cIPS, dPMC, 594 left vPMC, and pre-SMA. Additional work is needed to determine the precise relationship between 595 these regions and context-sensitive behavior. 596 597 whether it would be more comfortable to place the thumb side of their cued hand (as indicated by 790 the arrow) on the pink or tan end of the handle if grasping it in a power grip. If the target was a 791 circle or square, they were to base their grip selection on consideration of the need to rotate the 792 handle to align the corresponding end of the handle (ROTATION condition). If, as illustrated here, 793 the target was a triangle, then they were instructed to decide on which end on the handle they would 794 place their thumb if simply grasping the handle without the intention to rotation (NO ROTATION 795 condition). (C) Biomechanical constraints governing pronation-supination of the left and right 796 hands are mirror symmetrical (i.e., 180 0 out of phase). In order to directly compare grip selection 797 preferences across left and right hands, ROTATION trials were therefore organized according to 798 whether the end of the handle cued by the target shape was pointing toward (medial) or away from 799 (lateral) the participant's midline. These are illustrated for the both overhand (upper half) and 800 underhand (lower half) possibilities. 801 prospective tasks failed to detect any differences. As detailed in the text, participants in both 804 experiments preferred overhand grips in the NO ROTATION and when the lateral end of the hand
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